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I .  INTRODUCTION 

Th is  r e p o r t  covers t h e  second year of  work performed under NASA Grant 

NGR-47-005-077 dur ing  t h e  per iod  June I ,  1968 through May 31, 1969. 

I n  o rder  t o  understand i n  d e t a i l  t h e  behavior o f  space veh ic les  i n  

r a r e f i e d  atmospheres it i s  necessary t o  have s p e c i f i c  knowledge concerning 

t h e  i n t e r a c t i o n  o f  t h e  atoms and molecules o f  t h e  atmosphere w i t h  surfaces 

o f  t h e  veh ic le ,  p a r t i c u l a r l y  f o r  p a r t i c l e  energies corresponding t o  space 

v e h i c l e  o r b i t a l  and escape v e l o c i t i e s .  The goal o f  t h e  present research 

program i s  t o  i n v e s t i g a t e  t h e  mass spectrum r e s u l t i n g  when oxygen atoms, 

moving w i t h  s a t e l l i t e  v e l o c i t i e s ,  s t r i k e  a s o l i d  surface. I n  a d d i t i o n  t o  

adding t o  t h e  small amount o f  in fo rmat ion  present ly  a v a i l a b l e  concerning 

p a r t i c l e - s u r f a c e  i n t e r a c t i o n s  a t  energies corresponding t o  sa te l  I i t e  

v e l o c i t i e s ,  t h e  r e s u l t s  w i l l  be o f  p a r t i c u l a r  va lue i n  p rov id ing  in fo rmat ion  

t h a t  w i l l  a i d  i n  t h e  i n t e r p r e t a t i o n  o f  mass spect rometr ic  s tud ies  o f  t h e  

neut ra l  c o n s t i t u e n t s  o f  t h e  e a r t h ' s  upper atmosphere. Although t h e  p r i n c i p a l  

concern o f  t h e  research repor ted here i s  w i t h  monatomic oxygen t h e  technique 

described i n  t h i s  r e p o r t  can be used f o r  s tud ies o f  o t h e r  components of t h e  

atmosphere and i n t e r s t e l  l a r  space. 

I n  t h e  study of  t h e  i n t e r a c t i o n s  of neut ra l  atomic oxygen w i t h  s o l i d  

surfaces one mus-t consider t h e  p o s s i b i l i t y  t h a t  t h e  oxygen atoms spend a 

r e l a t i v e l y  long t ime on t h e  sur face and as a consequence t h e  charac ter  o f  

t h e  p a r t i c l e s  leav ing t h e  sur face does n o t  depend t o  an apprec iab le ex ten t  

on t h e  energy o f  t h e  i n c i d e n t  atoms. I n  t h i s  event one could study t h e  

i n t e r a c t i o n  o f  0 atoms w i t h  surfaces us ing t h e  more convent ional  thermal 

techniques. 

sur face i n t e r a c t i o n s  i n  t h e  1-10 eV range i n d i c a t e  t h a t  t h e  molecules leaving 

t h e  sur face a r e  f a r  from f u l l y  accommodated t o  t h e  temperature o f  t h e  sur face 

and hence have probably su f fe red  o n l y  a few c o l l i s i o n s  w i t h  sur face atoms 

before  leav ing t h e  surface. There are, unfor tunate ly ,  no such measurements 

However, t h e  few measurements t h a t  have been made on p a r t i c l e -  
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f o r  oxygen atoms, b u t  one should probably be h e s i t a n t  about app ly ing  r e s u l t s  

obtained from s tud ies  of t h e  i n t e r a c t i o n  o f  thermal oxygen atoms w i t h  surfaces 

t o  s i t u a t i o n s  where t h e  r e l a t i v e  v e l o c i t y  between atom and sur face i s  i n  t h e  

range o f  s a t e l l i t e  v e l o c i t i e s ,  p a r t i c u l a r l y  s ince  t h e  k i n e t i c  energy o f  these 

atoms i s  c lose  t o  t h e  d i s s o c i a t i o n  energy f o r  t h e  O2 molecule. 
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SECTION I I 

B AC KG ROU N D 

The p r i n c i p a l  o b j e c t i v e  o f  t h e  research repor ted here i s  an i n v e s t i g a t i o n  

of t h e  d i s t r i b u t i o n  o f  masses t h a t  r e s u l t  when oxygen atoms s t r i k e  a s o l i d  surface. 

The i n t e r e s t  i s  concentrated on oxygen atoms having a k i n e t i c  energy i n  t h e  range 

o f  4-10 eV, corresponding t o  v e l o c i t i e s  i n  t h e  s a t e l l i t e  range. 

Several recent  s tud ies  [1],[2] have been made of t h e  recombination o f  atoms 

w i t h  sur face atoms t o  form var ious species o f  molecules. 

been conducted under cond i t ions  where t h e  i n c i d e n t  p a r t i c l e s  have thermal energies.  

I f  one i s  t o  use t h e  r e s u l t s  of such s tud ies  f o r  a p p l i c a t i o n  t o  p r a c t i c a l  s i t u a t i o n s  

where t h e  atoms s t r i k i n g  t h e  sur face have v e l o c i t i e s  i n  t h e  s a t e l l i t e  range, then 

it must be demonstrated t h a t  t h e  r e s u l t s  a re  e s s e n t i a l l y  independent o f  t h e  inc ident  

p a r t i c l e ' s  energy i n  t h e  range from thermal up t o  several  eV. 

These measurements have 

Even though t h e  development o f  t h e  space program has generated g r e a t  i n t e r e s t  

i n  p a r t i c l e - s u r f a c e  i n t e r a c t i o n s  i n  t h e  eV energy range, very l i t t l e  experimental 

in format ion i s  c u r r e n t l y  a v a i l a b l e .  Th is  i s  due t o  t h e  r a t h e r  awkward experimental 

techniques t h a t  must be used t o  perform measurements a t  these energies. 

w i t h i n  t h e  pas t  two years several  measurements o f  t h e  momentum t r a n s f e r  t o  surfaces 

by atoms, molecules, and ions i n  t h e  energy range 1-200 eV g i v e  some i n d i c a t i o n  o f  

t h e  character  o f  t h e  p a r t i c l e  sur face i n t e r a c t i o n  a t  these energies.  

t h e  dependence o f  norma I momentum t r a n s f e r  t o  surfaces by argon and he1 i um atoms [ 3 ]  

w i t h  energies up t o  4 eV i n d i c a t e  t h a t  a t  t h e  h igher  energies inves t iga ted  t h e  momentum 

o f  t h e  atoms leav ing t h e  sur face i s  roughly  30 percent o f  t h e  i n c i d e n t  momentum. Work 

a t  t h e  U n i v e r s i t y  of V i r g i n i a  [4] ind ica tes  t h a t  f o r  10 eV N2 molecules t h e  momentum 

o f  t h e  p a r t i c l e s  leav ing t h e  sur face i s  about 15 percent  o f  t h e  i n c i d e n t  momentum. 

S i m i l a r  measurements using N2 ions [ 5 ]  i n  t h e  energy range 5-100 eV show t h a t  t h e  

r e f l e c t e d  momentum i s  30-100 percent o f  t h a t  o f  t h e  i n c i d e n t  ions. 

However, 

A study o f  

+ 

While these s tud ies  were c a r r i e d  o u t  under c o n d i t i o n s  where t h e  character  o f  t h e  

surfaces was n o t  wel l  c o n t r o l l e d ,  they a l l  i n d i c a t e  t h a t  when atoms, molecules, 

o r  ions moving w i t h  energies o f  several eV s t r i k e  a s o l i d  sur face a large number 
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o f  t h e  p a r t i c l e s  leav ing t h e  sur face have v e l o c i t i e s  comparable t o  t h e  v e l o c i t y  

o f  t h e  i n c i d e n t  p a r t i c l e s .  

i n c i d e n t  p a r t i c l e s  c o l l i d e  w i t h  o n l y  a few o f  t h e  sur face atoms and t h a t  they 

do no t  spend an apprec iab le amount o f  t ime on t h e  surface. Although no s i m i l a r  

s tud ies  have been c a r r i e d  o u t  fot- monatomic oxygen, i n  l i g h t  o f  t h e  r e s u l t s  f o r  

o t h e r  p a r t i c l e s  one should n o t  a n t i c i p a t e  t h a t  0 atoms s t r i k i n g  a sur face a t  

s a t e l l i t e  v e l o c i t i e s  w i l l  accommodate s u f f i c i e n t l y  t o  t h e  temperature of t h e  

sur face t o  cause processes such as adsorpt ion and recombination t o  proceed a t  

a r a t e  t h a t  i s  i ndependent of t h e  energy of t h e  0 atoms. Current t h e o r b s 1  on 

t h e  thermal accommodation c o e f f i c i e n t  161 a l s o  i n d i c a t e  t h a t  a t  h igh  energies 

( i n  t h e  eV range) one expects t h e  p a r t i c l e s  s t r i k i n g  t h e  sur face t o  experience 

only  a few c o l l i s i o n s  w i t h  sur face atoms and t h a t  t h e  energy o f  t h e  r e f l e c t e d  

p a r t i c l e s  w i  I I  be comparable t o  t h e  i n c i d e n t  energy. 

Th is  suggests t h a t  a t  these energies many o f  t h e  
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SECTION I I I  

EXPERIMENTAL APPARATUS 

The apparatus t h a t  has been const ructed f o r  t h e  performance o f  these 

experiments has been f u l  l y  descr ibed i n  a previous s ta tus  report.C7] 

We have const ructed a new accommodation c a v i t y  o f  a s i z e  t o  approximate 

t h e  ante chamber o f  s a t e l l i t e  and rocket-borne mass spectrometers. 

i s  a cube about 1.5 cm on a s i d e  w i t h  l / 4  in.diameter entrance and ana lys i s  

apertures.  The res idua l  gas analyzer  (RGA) is pos i t ioned immediately ou ts ide  

the  ana lys i s  aper ture.  F igure  I shows t h e  arrangement o f  t h e  c a v i t y  and t h e  

RGA. 

area 0.309 cm2* 

be fore  escaping t h e  c a v i t y .  

The c a v i t y  

AI, t h e  t o t a l  wal I area i s  17.4 cm2 and A0 and A2 a re  equal, each o f  

On t h e  average, an oxygen atom would make about 28 c o l l i s i o n s  

The c a v i t y  was made o f  0,020 in.OFHC copper, s i l v e r  soldered together,  

cleaned w i t h  a m ix tu re  o f  HNO3 and HCk, fo l lowed by a water r i n s e  and a 

f i n a l  r i n s e  w i t h  acetone. 
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Inci d e n t  Beam 

Quadrupole Radi o 
Frequency Mass Analyzer 

Wall Area 
Entrance Aperture = A, cm 

= A1 cm 2 

Analysis Aperture = A2 cm 2 
2 

FIGURE 1. Arrangement o f  Accommodation Cavity 
and the Detector System 
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SECTION I V  

PRESENT STATUS OF RESEARCH 

A. Data Analys is  

The data ana lys i s  g iven  here i s  made us ing t h e  f o l l o w i n g  two assumptions. 

( 1 )  The gas dens i ty  i n  t h e  c a v i t y  i s  small enough t h a t  gas phase c o l l i s i o n s  can 

be neglected. Since the  background pressure i s  t o  Torr ,  corresponding 

t o  p a r t i c l e  dens i t i es  about IO6 par t i c les /cm3,  t h i s  assumption seems warranted. 

( 2 )  Surface reac t ions  are  f i r s t  o rder  w l t h  respect  t o  gaseous atoms. With these 

two assumptions we can w r i t e  f o r  t h e  t ime  r a t e  o f  change o f  dens i ty  o f  atomic 

oxygen n l  i n  t h e  c a v i t y  as: 

where Q Is t h e  number o f  atoms en te r ing  t h e  c a v i t y  per  second, V i s  t h e  volume 

o f  t he  c a v i t y ,  c1 i s  t h e  average v e l o c i t y  o f  t h e  oxygen atoms, A 1  i s  t h e  t o t a l  

wa l l  area o f  the c a v i t y  and Ae =: A0 + A2, t h e  t o t a l  area o f  t he  entrance and 

ana lys is  aper tures.  

f r a c t i o n  o f  oxygen atoms s t r i k i n g  t h e  w a l l s  t h a t  recombine t o  form 02 molecules. 

The second term on t h e  r i g h t  hand s i d e  of Equation ( 1 )  represents t h e  r a t e  of 

loss o f  0 atoms t o  recombinat ion and t h e  l a s t  term on t h e  r i g h t  i s  t h e  r a t e  o f  

loss o f  0 atoms leav ing t h e  c a v i t y  through t h e  aper tures.  I f  a p o r t i o n  o f  t h e  

oxygen atoms chemical ly  combine w i t h  t h e  c a v i t y  wa l l  mater ia l  t o  form non-vo la t i l e  

oxides these atoms a r e  l o s t  t o  f u r t h e r  reac t i on  b u t  t h i s  does n o t  a f f e c t  t h e  

ana lys i s  presented here. 

- 

The recombinat ion c o e f f i c i e n t  Y i s  here def ined as t h e  

Equat ion ( 1 )  i s  e a s i l y  solved t o  g ive :  

- t / T  n l  - - - 'Q ( I  - e 1, V ( 2 )  

(39 

where 
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The steady s t a t e  value o f  n l  i s  there fore ,  

A s i m i l a r  equat ion can be w r i t t e n  f o r  t h e  molecular number dens i ty  n2. 

I t  i S J  

where 

r l g h t  o f  Equation (5) i s  t h e  r a t e  o f  product ion o f  O2 molecules and t h e  negat ive 

term expresses t h e  r a t e  o f  loss o f  t h e  molecules from t h e  c a v i t y ,  Equation (59 
i s  a l s o  e a s i l y  solved and gives, 

Is t h e  average v e l o c i t y  o f  t h e  O2 molecules, The f i r s t  term on t h e  

where 

and 

The steady s t a t e  va I ue of n2 i s  Therefore, 

( 6  9 

(7  9 
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I f  we take  t h e  r a t i o  of t h e  number d e n s i t i e s  we obta in ,  

from which we o b t a i n  an expression f o r  y, 

Equation ( I l l  i s  an expression f o r  y i n  terms o f  known constants,  and 

t h e  number d e n s i t i e s  o f  atomic and molecular oxygen i n  t h e  c a v i t y .  

t h a t  t h i s  expression f o r  y i s  independent o f  t he  i n c i d e n t  beam f l u x .  Since the  

i o n i z i n g  volume o f  t h e  RGA i s  no t  located w i t h i n  t h e  c a v i t y  t h e  RGA s igna l  does 

no t  g i v e  n l  and n2 d i r e c t l y  b u t  r a t h e r  a s igna l  d i r e c t l y  p ropor t iona l  t o  these 

dens i t i es .  We must the re fo re  r e l a t e  t h e  RGA s igna l  t o  t h e  d e n s i t i e s  n l  and n2. 

Note f u r t h e r  

Let  N1 and N2 des ignate t h e  t o t a l  number o f  oxygen atoms and molecules 

respec t ive ly ,  escaping from t h e  ana lys i s  aper tu re  per  second. N 1  and N2 a re  

gl ven by 

N1 

Therefore, t h e  r a t i o  n2/n1 i s ,  

and thus ou r  expression for  y becomes, 
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We are  s t i l l  l e f t  w l t h  t h e  t a s k  of r e l a t i n g  t h e  RGA s igna ls  SI  and S2 

( t h e  RGA ion  c u r r e n t  of masses 16 and 32 r e s p e c t i v e l y )  and N1 and N2. 

and N2 a r e  p ropor t iona l  t o  t h e  f l u x  o f  p a r t i c l e s  t h a t  en ter  t h e  i o n i z i n g  

volume, i.e, 

Now N1 

where 

from t h e  ana lys is  aper tu re  and p~ and p2 a r e  t h e  number d e n s i t i e s  o f  ,the 

e f f u s i n g  beam a t  t h e  i o n i z i n g  volume, The p r o p o r t i o n a l i t y  constant K i s  

r e l a t e d  t o  t h e  area o f  t h e  e f f u s i n g  beam a t  t h e  i o n i z i n g  volume o f  t h e  RGA, 

However, using r a t i o s  e l im ina tes  t h e  need t o  know K exac t ly ,  s ince a l l  

we must r e a l i z e  i s  t h a t  K i s  i d e n t i c a l  f o r  both types o f  p a r t i c l e s .  Hence, 

N2/N1 = c2p2 /v1p1  and Equation (14) f o r  t h e  recombination c o e f f i c i e n t  becomes, 

and v2 are t h e  respec-tive average v e l o c i t i e s  i n  t h e  e f f u s i n g  beam 

The RGA s igna l  S Is g iven by S = kP where k i s  t h e  s e n s i t i v i t y  o f  the  RGA 

t o  a p a r t l c u l a r  species i n  Amps/Torr and P i s  t h e  p a r t i a l  pressure o f  t h a t  

gaseous species. We can conver t  t h i s  t o  a number dens i ty  r e l a t i o n  s ince  

n =: aP where a i s  a known constant  so, 

(17) k S = - n n .  a 

Assuming background cur ren ts  o f  masses 16 and 32 o f  S I $  and SZB respec t ive ly ,  

we can w r i t e  f o r  t h e  RGA s igna ls ,  

k11 k12 
SI '=. S I B  + - P I  + P2 9 a 

and 
k2 2 

52  = SZB + -y- P2 9 
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where, 

k l l  = RGA s e n s i t i v i t y  f o r  0 i n  Amps/Torr, 

k12 = RGA s e n s i t i v i t y  f o r  producing 0 
+ 

ions from 0 2  

i n  Amps/Torr, 

and k22 = RGA sens i ti v i  t y  f o r  02 i n Amps/Torr. 

The increase i n  s i g n a l s  due t o  t h e  beam i s  thus, 

and, 

From these l a s t  two equations we see tha t ,  

P 2  k l l  AS2 

P I  k2 2 k12 

2k22 

- _  - (-1 
9 (AS, - AS 

Using t h i s  expression we o b t a i n  f o r  y, 

(21 9 

(229 

( 2 3  1 

We know t h a t  ( V 2 / i , 1  = 1/42, The r a t i o  kll/k22 i s  given, f o r  f i x e d  RGA 

parameters, by Ql/Q2 where Q1 Is t h e  t o t a l  cross s e c t i o n  f o r  t h e  r e a c t i o n  

0 i- e- -+ 0' + 2e- and Q2 i s  t h e  t o t a l  cross s e c t i o n  f o r  t h e  r e a c t i o n  

0 2  + e- -+ 02 + 2e-, measured a t  t h e  same e l e c t r o n  energy. 

i s  t h e  measured c rack ing  f r a c t i o n  f o r  O2 f o r  t h e  g iven e l e c t r o n  energy of t h e  

+ The r a t i o  k12/k22 

I 1  



RGA, Therefore, our  f i n a l  expression f o r  y becomes, 

From t h i s  equat ion we see t h a t  we can determine y by measuring t h e  increase 

i n  t h e  mass i 6  and 32 s i g n a l s  due t o  t h e  i nc iden t  oxygen beam independent o f  t h e  

absolute beam f l u x .  

8. Use of Ion Beams t o  Measure Recombination C o e f f i c i e n t s  

We would l i k e  t o  suggest here t h a t  recombinat ion c o e f f i c i e n t  measurements 

can be made us ing i o n  r a t h e r  than neut ra l  beams. We present  below a b r i e f  

argument suppor t ing  t h i s  thes i s .  

I t  i s  wel I known t h a t  n e u t r a i i z a t i o n  of an i on  a t  a metal sur face  can take 

p lace  by e i t h e r  o f  two d i s t i n c t  processes: 

n e u t r a l i z a t i o n .  Resonance n e u t r a l i z a t i o n  occurs when a metal e l e c t r o n  tunne ls  

through t h e  p o t e n t i a l  b a r r i e r  between the  metal sur face  and the  approaching ion. 

Since tunne l i ng  i s  a conservat ive process it can occur on l y  i f  an energy ievell 

of t h e  neu t ra l  ized atom i s  avai  l a b l e  f o r  t h e  t r a n s i f i n g ,  e lec t ron .  

atom thus formed i n  t h e  resonance neut ra i  l z a t i o n  process can consequently lose 

i t s  e x c i t a t i o n  by Auger de-exc i ta t ion,  t h e  energy released perhaps r e s u l t i n g  i n  

t h e  e j e c t i o n  of secondary e lec t rons .  For Augei- n e u t r a l i z a t i o n  t h e  ion  i s  

neut ra l  Tzed d i  r e c t l y  t o  t h e  ground s t a t e  and the  energy released i n t h i s  process 

can a l s o  r e s u l t  i n  " re  e j e c t i o n  o f  secondary e lec t rons .  The broadening o f  t h e  

energy l eve l s  as the  p a r t i c l e  nears t h e  metal sur face  reduces t h e  l i k e l i h o o d  o f  

t h e  above two stage process (resonance n e u t r a l i z a t i o n  fo l lowed by Auger de- 

e x c i t a t i o n )  and it i s  thought  t h a t  most n e u t r a l i z a t i o n  o f  ions a t  sur faces occurs 

by t h e  Auger n e u t r a l i z a t i o n  process. 

i s  t h a t  it can be shown, t h a t  f o r  low energy ions t h e  p r o b a b i l i t y  of n e u t r a l i z a t i o n  

i s  very nea r l y  u n i t y .  

Angstroms o f  t h e  sur face  and s t r i k e s  t h e  sur face  as a neu t ra l  p a r t i c l e .  Further,  

resonance n e u t r a l i z a t i o n  o r  Auger 

The exc i ted  
2, 

The p o i n t  t h a t  we wish t o  make however, 

]Thus, t he  i n c i d e n t  i on  becomes a neut ra l  atom w i t h i n  a few 
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i f  t h e  energy i s  small ,  i o n i z a t i o n  i s  improbable and t h e  oxygen remains neut ra l  

from t h a t  p o i n t  onward. 

w i  I I be i n  an e x c i t e d  s ta te ,  an 0- i on  w i  I I be neutra I i zed t o  t h e  ground s t a t e  

and hence use of 0- ions w i  1 I def 1 n i t e l y  assure t h a t  t h e  resu I t i  ng neutra I atom 

i s  i n  t h e  ground s t a t e .  

Although f o r  0' ions it i s  q u i t e  poss ib le  t h a t  t h e  atom 

Use o f  ion beams t o  measure recombination c o e f f i c i e n t s  a t  s a t e l l i t e  v e l o c i t i e s  

(4-10 eV) has t h r e e  d i s t i n c t  advantages over  t h e  use of neut ra l  beams. ( 1 )  Ion 

beams a r e  a t  l e a s t  one order  of magnitude g r e a t e r  i n  i n t e n s i t y  than a neut ra l  

beam formed by charge t r a n s f e r  or  e l e c t r o n  detachment. ( 2 )  

o f  p a r t i c l e s  can be determined d i r e c t l y  by measuring t h e  ion  c u r r e n t  t o  t h e  c a v i t y .  

( 3 )  Neutral  beams formed by charge t r a n s f e r  o r  c o l l i s i o n a l  detachment have associated 

w i t h  them t h e  f l u x  o f  gas used t o  n e u t r a l i z e  t h e  beam. 

n o t  ser ious s ince  a n e u t r a l i z i n g  gas can be employed t h a t  d i f f e r s  s i g n i f i c a n t l y  i n  

mass from t h e  species i n  quest ion,  It does in t roduce some unwanted gas i n t o  t h e  

c a v i t y  which may o r  may n o t  i n t e r f e r e  w i t h  t h e  recombination process. 

I f  necessary t h e  f l u x  

Although t h i s  problem i s  

C .  Resul ts  

Using ion beams we have made some recombination measurements o f  atomic oxygen 

on t h e  copper wal Is of  t h e  accommodation c a v i t y  a t  h igh  beam energies, 200 eV t o  

900 eV. These data were obtained by measuring t h e  increase i n  t h e  mass 16 and 32 

s igna ls  when an ion beam was introduced i n t o  t h e  c a v i t y .  Background cur ren ts  were 

determined by e l e c t r o s t a t i c a l l y  d e f l e c t i n g  t h e  ion beam away from t h e  c a v i t y .  

With t h e  present  c a v i t y  t h e  r a t i o  A e / A ~  = 0.0355. The cross secl-ions f o r  

i o n i z a t i o n  were taken from F i t e  and Brackmann [SI, who obtained Ql/Q2 = 0.91. The 

measured c rack ing  f r a c t i o n  (k12Pk22) was 0.06, F igure  2 shows t h e  p r e l i m i n a r y  

r e s u l t s  we have obtained using beams of 0 

about 5 x A. We have inciuded i n  F igure 2 t h e  thermal energy measurements o f  

f 
and 0- Ions, w i t h  beam i n t e n s i t i e s  o f  

es and L i n n e t  [lO],[l I], Hartunian, e t  a l .  [ IZ] ,  Dlckens and Sutc l  i f f e  C131, and 

a very recent  measurement by Meyerson. [ I 4 1  Since no t reatment  was g iven t o  t h e  Cu 

c a v i t y  o t h e r  than t h e  c lean ing  procedure mentioned i n  Sect ion I t ! ,  it I s  impossible 

t o  determine t h e  prec ise  c o n d i t i o n  of t h e  c a v i t y  wa l ls .  For t h i s  reason we b e l i e v e  

it i s  premature t o  draw concluslons on t h e  bas is  o f  these meagre data. But, we do 
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f ee l  t h a t  these data a re  good i n i t i a l  evidence t h a t  yo measurements can be made 

us ing ion  r a t h e r  than neu t ra l  beams. 

D. Future Plans 

Perhaps more Impor tant  than t h e  measurements themselves t h e  r e s u l t s  g iven  

i n  C. above have g iven us an i n d i c a t i o n  o f  t h e  RGA s igna ls  we can expect t o  

measure. For example, w i t h  5 x 

smal l e s t  r i s e  I n  t h e  mass 16 s igna l  we measured was I x A o r  about 2% 

of t h e  i n c i d e n t  beam. From t h i s  we es t imate  t h a t  we should have s u f f i c i e n t  

i n t e n s i t y  t o  make recombinat ion measurements f o r  neu t ra l  atomic oxygen beams 

formed by e l e c t r o n  detachment. However, i t  Is now no t  a quest ion o f  I n t e n s i t y ,  

b u t  o f  reducing the  background c u r r e n t  o f  mass 16 s u f f i c i e n t l y  so as t o  be able 

t o  de tec t  t h e  increases we expect w i t h  low i n t e n s i t y  beams. Future e f f o r t s  w i  I l  

be d i r e c t e d  main ly  t o  reducing the  background c u r r e n t  o f  mass 16 so t h a t  recombi- 

na t i on  measurements, us ing  both i on  and neu t ra l  beams, can be c a r r i e d  ou t  a t  

lower energies than repor ted here, 

A o f  0- ions en te r ing  the  cav i t y ,  t h e  

I5 
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